The necessity for testing human milk destined for milk banks in order to eliminate specimens which have been adulterated with water or cow's milk has been widely recognized since the introduction of such banks in 1910 (Mackintosh, 1947) . In some centres, however, no tests for adulteration seem to be used, in spite of the fact that the mothers providing milk for these banks are not supervised between the time they express the milk and deliver it to the milk bank or milk bank official.
between the time they express the milk and deliver it to the milk bank or milk bank official.
Various tests have been used to detect adulteration, and there is to this day no agreement on which are most reliable. The selection of tests in the past has depended partly on the efficiency of a test but also on other factors such as the speed and ease with which a test can be performed, the simplicity of the apparatus, the ease with whih reagents and sera can be obtained, and financial considerations. It would appear therefore that the ideal test or combination of tests used in the detection of adulteration of human milk with water or cow's milk should be quick and easy to perform and preferably should not involve compliated or expensive apparatus. The test must be reliable and able to detect minor degrees of adulteration. With these criteria in mind the many tests recommended for the detection of adulteration have been reviewed and those which best fulfil the conditions selected for discussion. In addition an investigation has been made into the freezing point of women's milk; the value of assessing the freezing point or the elctrical conductivity of women's milk for the detection of adulteration of the milk has been explored.
Review of the Lieratwe
Since last century many methods of detecting the adulteration of women's milk have been devised. Usually one test appears no better than another and the tests are neither sufficiently sensitive nor reliable. This is probably because the physical and chemical properties of milk vary from case to case and even in a given individual.
At least six simple tests have been advocated for the detection of water added to women's milk Two are based on the determination of a physical property of the milk, and three depend on its chemial composition. The sixth is a combination of the two tests, one involving a physical property and one a chemical property of milk. Of these tests based on physical properties, the first necessitates the estimation of the refractive index of the milk specimen in question. The interpretation of the results must be made cautiously because they vary for genuine milk, particularly if the sugar or solids-not-fat contained in the milk alter either under physiological conditions or on account of disease. Gnosspelius (1940) when critimng the test says that it is necessary to obtain a control sample of milk reliably obtaied from the woman under test. The refractive index of both the given milk sample and the control sample is made and the results compared. By this method 10% or more of added water can be detd (Kappeller and Gottfried, 1920; Zaribnicky, 1942) . In the dairy world the refractive index is not a reliable test for detecting adulteration, and it therefore appears that the results of the refractometric test are unlikely to be reliable for the detection of adulterated human milk. The second test involves measurements of the specific gravity of the milk specimen. This is an unsatisfactory test because it is only suitable for detecting gross adulteration.
Of the three tests based on the chemical composition of milk, the first involves the estimation of its chloride content. From the results it is usually possible to detect large amounts of added water. The test, however, is not reliable or of practical value (Miller, 1949) . In the second test both chloride and lactose content of the specimen are determined. From the results the chloride-lactose ratio is calculated. In the case of genuine human milk it is 0-44-0-015. The (Griebel, 1937; Kayser, 1938; Smith, 1942 (Kappeller and Gottfried, 1920; Zaribnicky, 1942 Moruzzi and Tanzi, 1931 In the third group of tests the hydrogen ion concentration of the milk under test is estimated by the addition of some indicator such as neutral red (Moro, 1912) nile-blue sulphate (Bauer, 1913; Sole, 1935) or haematoxylin (Smith, 1942) . By these methods 20 to 30% or more of added cow's milk can be detected. On some occasions, however, the interpretation of the colour reaction can be extremely difficult, while in others fallacious results may be obtained because the milk has been kept too long before testing. Soxhlet-Henkel's test for titratable acidity results which are more reliable and informative (Eldson and Walker, 1942) . By their method acidity over 2 degrees indicates adulteration with cow's milk provided the test is made on fresh milk (Kayser, 1935) .
In the fourth group, tests involving the use of the anaphylactic response have proved impractical and the technical procedure of the complement fixation test far too complicated (Gnosspelius, 1940) . The precipitation test, however, using specially prepared sera is very sensitive and reliable and can be quickly and easily performed. By means of this test 200 or more of added cow's milk can be detected. There is little doubt that this is the ideal test for the investigation of adulteration of human milk with animal's milk (Kayser, 1938; Urbach, 1938; Brakhage and Raettig, 1940; Gnosspelius, 1940 (1951) was adopted. Throughout the investigation, which lasted from April to August, 1952, the temperature of the room was noted to vary by 9C C. The freezing point ofeach specimen was recorded in degrees Centigrade. In no case was any allowance made for this variation or for the degree of acidity of the milk.
The electrical conductivity was measured with a commercial Wheatstone bridge; a U-shaped cell for holding the milk to be tested and two platinum electrodes were used in the circuit. The specific conductivity was calculated from the resistance for a given sample of milk and the cell constant for the apparatus. The results were all corrected to give the specific conductivity of the milk at 18' C. Full details of this type of investigation are given by Kermack and Miller (1951) .
The chloride content of the milk was determined by the method described by Patterson (1928 One hundred and seventy of these women provided one sample of miLk each. Twenty-six women supplied one sample from each breast and each of these women gave her two samples on the same day. Nineteen women gave two samples each but these were taken at different stages of lactation. Thus a total of 260 samples of milk were obtained and examined. Almost invariably the milk was expressed into a specially prepared screw-capped jar after the baby had been fed. The size of each sample was approximately 30 ml. and it was stored in a refrigerator until tested. The test was performed within 24 hours of the time the milk was expressed. The freezing point was determined for each of the 260 samples and the electrical conductivity and chloride estimations were made on 245 samples. has been adopted. The greatest number of results in any one group is 46 6 % in the group ranging from n 561 to 0 570, while the spntaglest number of results, 2 -3 % is in the group ranging from O 531 to O -540'C.
TO SHW THE PERCENTAGE OF WEN WHO NNE MLK WITH A GIVEN DEPRESSION OF FREEZING POINT (A)
The minimum and d iaximum depressions of freezing point obtained in this investigation are 0 53616C. and 0 586' C. respectively and the mean depression of the freezing point for the 260 observations is 0-564' C. These figures are of importance when using this test to detect the addition of water to milk. In two further investigations the freezing point of milk samples taken first from the two breasts was compared, and second a comparison was made between two samples obtained from the same woman at different stages of lactation. Two series of women were investigated; the first comprised 26 women each of whom expressed milk from both breasts keeping each specimen separate. The freezing point of the milk from each breast was detenmined and the results recorded in Table 2 . A difference between the two results for a given woman was generally noted. It was usually no greater than 0004W C. which could be due to either a slight difference in the composition of the two samples or to experimental error. In 11 cases, however, the difference exceeded 0-004 C. an amount which could not entirely be accounted for by experimental error. Thus some variation in the composition of the two samples would seem to be the most likely explanation for the difference in the freezing points of milk from the same woman.
ARCHIVES OF DISEASE IN CHILDHOOD
A series of 19 women were selected for the investigation into the effect of state of lactation upon the freezing point of their milk. These women provided two samples of milk each taken at a different period of lactation. The freezing points of the samples are recorded in Table 3 (Elsdon and Walker, 1942) . A series of observations were made on human milk, to which had been added varying amounts of water, to determine whether the above formula was of value in the estimation of adulteration of women's milk with water. A quantity of women's milk was divided into four parts, and each part was adulterated with 3-3, 16 6, 33-3 and 66-6% of water respectively. The freezing point of each specimen (x) was estimated by the method already described and recorded in Fig. 4 . The theoretical freezing point (-) of each specimen was calculated from the formula and lay on a straight line connecting the depression of freezing point of unadulterated milk with the freezing point of water (see Fig. 4 ). The comparison of the experimental-theoretical values for a given dilution of milk showed that they were either the same or the experimental value was slightly higher than the theoretical value. It was also apparent from Fig. 4 Elsdon and Walker (1942) .
The sensitivity of the freezing point test is partly dependent upon the range of freezing point depression for genuine human milk; this range is 0-531 to 0-586-C. Since the addition of water to milk raises the freezing point, the percentage of water which must be added to milk with the lowest freezing point, 0-586c C., to raise it above the highest freezing point, obtained for normal unadulterated milk is a measure of the test's sensitivity. This value is 9 75 %. Therefore, the freezing point test will detect 100% or more of water added to women's milk. If the test is used for milk which has a higher freezing point than 0 586°C. less than 10% adulteration can be detected.
The Electrl Conductivity Test
The electrical conductivity test for detecting adulteration of women's milk has not hitherto been described. The measurement of electrical conductivity is simple (Kermack and Miller, 1951) group.bmj.com on November 7, 2017 -Published by http://adc.bmj.com/ Downloaded from TESTS FOR THE ADULTERATION OF HUMAN MILK sensitivity of the test and its fallacies require careful consideration. It is, therefore, necessary to consider the test as a method for the detection of both added water and added cow's miLk. The addition of water to human milk reduces its electrical conductivity. The reduction is almost proportional to the amount of added water. Usually the experimental value for a given dilution of milk is 1-9 % less than the theoretical electrical conductivity value (Fig. 5) is partly due to the change in the visc milk and to the increased dissociation electrolytes in the diluted milk. The amount of added water which can by the electrical conductivity test depe initial electrical conductivity value of th4 ranges from 210 to 150x l04ohm4lcm.-lactating adequately in the second to fifl lactation (Miller, 1951) . Since the value water is added, milk with the highest elk ductivity value, 210 x lO`ohm'cm.:', will maximum amount of water (330) to lo, ductivity below the minimum value o ohm-'cm.-'. Therefore it follows that by n test at least 330 added water can be milk from mothers with adequate lactz second to fifth month of lactation. Occa electrical conductivity test fails to det added water because the genuine milk ductivity value greater than 210x 10-This, however, is a relatively rare occurre such milk is usually obtained from m inadequate lactation and they would therefore not be donors to a milk bank.
By using the electrical conductivity test it is possible to detect human milk which has been adulterated with cow's milk. It has been shown that the addition of cow's milk raises the conductivity of human milk, and that it is most unusual for the electrical conductivity of milk obtained from women lactating adequately in the second to fifth month of lactation to exceed 210 x I04ohm-lcm.-I. If, therefore, a value greater than this is obtained, the possibility of inadequate lactation and of adulteration of the milk must be considered. To obtain a conductivity value greater than 210 x lOohmlcm:.l as much as 23 % of cow's milk may require to be added to human milk (Miller, 1949 stated, however, by Wardlaw and Dart (1926) that :h month of the individual values in their series varied from s fall when -0-545 to -0 622A C. This is a greater variation than octrical con-that of -0-531 to 0-586-C. obtained in the present require the series of observations. This smaller variation inwer its con-creases the value of the freezing point test as a means if 150 x I0O of detecting adulteration since the amount of water neans of the which must be added to alter normal women's milk detected in of the lowest freezing point above that of the highest Ltion in the normal value is less if the variation is small. Wardlaw sionally the and Dart (1926) The depression of freezing point of human milk has been investigated. Estimations have been made on 260 samples of milk taken from 215 apparently healthy women between the fourth day to the sixth month of lactation. The results showed that the depression of freezing point ranged from 0-531 to 0-586°C. The mean vahle for all the observations was 0 564°C. The freezing point for samples taken from the two breasts frequently differed, as did the freezing point for samples taken at different times from the same woman. The mean values for samples taken from women at various stages of lactation did not differ appreciably and certainly did not suggest that the freezing point of milk tended either to rise or fall as lactation progressed.
There was no relationship between the depression of freezing point of women's milk and the chloride content or the electrical conductivity of the milk.
It has been shown that it is possible to detect the addition of 10% or more of water to human milk by using the freezing point test From the result it is also possible to state the approximate degree of adulteration. The reliability of these conclusions depends upon the milk being fresh.
The use of the elel conductity test to detect adulteration of humn milk with either water or cow's milk has been described. The test is recommended for the investigation of possible adulteration with water should both the freezing point and the refractometric tests be impracticable. 
